The nuclear DNA from all mouse strainsl-6 and mouse tissue" 2 thus far investigated exhibits two DNA bands when centrifuged to equilibrium in a CsCl density gradient. The principal band, which comprises 90 per cent of the nuclear DNA, is found at a buoyant density 0.01 gin cm-3 higher than the minor component, or satellite band, as it is generally called.
The nuclear DNA from all mouse strainsl-6 and mouse tissue" 2 thus far investigated exhibits two DNA bands when centrifuged to equilibrium in a CsCl density gradient. The principal band, which comprises 90 per cent of the nuclear DNA, is found at a buoyant density 0.01 gin cm-3 higher than the minor component, or satellite band, as it is generally called.
Not only is this satellite DNA remarkably homogeneous in GC content,6' 7 but it also undergoes rapid renaturation at low DNA concentrations.6-9 The latter property has also been used to separate renatured satellite DNA from the bulk of the nuclear DNA which remains denatured after heating.8-'0 A comparison of the rates of renaturation of satellite with bacteriophage, viral, and bacterial DNA's strongly suggests that there is within the satellite part of the mouse genome a nucleotide sequence which is repeated perhaps one million times. 9 The use of fixed-angle instead of swinging-bucket rotors has allowed this satellite band to be isolated in a native and highly purified state." Further, its extreme homogeneity both in base sequence and composition suggested to us that it might be possible to isolate the complementary strands from alkaline CsCl gradients,'2 a view confirmed, during the course of this study, by Dr. H. E. Bond of the National Cancer Institute, who also had found a bimodal distribution for this fraction during analytical centrifugation in alkali.'3 We describe in this paper the method of separation and the properties of the isolated strands. photometer using a modified cell holder and slit-width device developed in this laboratory, in which small sample volumes (0.4 ml) in ordinary quartz cells can be analyzed. The samples were overlaid with liquid paraffin and stoppered to prevent evaporation. The temperature rise was from 0.25 to 0.50C per minute, recorded directly from the sample cell. Base ratios: Nucleotide compositions were determined following enzymatic breakdown of p32-labeled DNA to 5-monophosphates. Individual nucleotides were isolated by chromatography on Dowex 1-X8 formate columns as described elsewhere'5 and their molar ratios assessed from radioactivity measurements.
Chromatography on hydtoxyapatite columns: Solutions containing 0.04 ,ug DNA/ml in 0.12 M sodium phosphate buffer were heated for 10 min at 1000C, then immediately transferred to a 600 water bath and incubated for the periods indicated in Figures 5 and 6. Following these incubations, reaction mixtures were layered onto hydroxyapatite columns and fractionated by stepwise elution with 0.12 M, 0.16 M, and 0.3 M sodium phosphate buffer, pH 6.8, as has been described.'
Column temperatures were maintained it 700C.
Results.-Separation of mouse satellite DNA from the principal DNA band is readily achieved by CsCl equilibrium centrifugation in fixed-angle rotors (Fig. 1A) , in which an enriched satellite fraction (shaded area of columns. Depending upon their degree of secondary structure, DNA molecules will either elute from the column at low salt concentrations (denatured molecules) or at high salt concentrations (native or renatured DNA). When the columns are operated at high temperatures, they provide an excellent means of detecting the presence of DNA duplexes."6 By applying this procedure to the individual L and H strands, we find that approximately 80 per cent of either strand remains in the denatured fraction after a 4.5-hour incubation (Fig. 5A) . As expected, the mixture of L and H strands, like heat-denatured satellite DNA, elutes at high salt concentration following a 4.5-hour incubation at 60'C (Fig. 5B) .
These results are further reinforced by the kinetic experiments illustrated in Figure 6 , in which we exploit the ability of hydroxyapatite to separate denatured and renatured fractions of isotopically labeled DNA at concentrations so low that satellite renaturation can be followed. We believe that the higher molecular weight of the L and H strands accounts for the more rapid renaturation of the mixture compared to the denatured control. A small "renaturation" of the isolated strands has been shown both in Figures 5 and 6 , but its significance is not yet clear although analysis of its base composition shows that it cannot be an L + H duplex.
Evidence that a high degree of specificity is involved in the renaturation process, measured by hydroxyapatite fractionation, is provided from experiments in which denatured rat DNA (100-fold excess) failed to influence the renaturation of the individual satellite strands. Discussion.-Although individual DNA strands have been isolated from certain bacteriophages by MAK column chromatography,'7' 18 this report represents the first occasion in which single DNA strands have been obtained from a higher organism. Since it is probably true that only "simple or homogeneous DNA's "will lend themselves to strand separation, the study reported here strongly supports an earlier contention9' 19 that mouse satellite DNA contains a very limited amount of genetic information. Further, it is now certain that satellite's ability to renature rapidly represents a highly discriminatory bimolecular reaction involving the complementary sequences of its L and H strands. In view of the fact that satellite DNA is of high molecular weight and comprises about one tenth of the total mass of the mouse genome, its apparent simplicity is a puzzling feature.
The difficult question now arises whether satellite DNA might not be a virus or provirus. Its great mass within the genome; its presence in "germ-free" mice,9 in males and females,9 and in all tissue and strains investigated; as well as its association with metaphase chromosomes2O and its metabolic stability6' 7 argue against the viral origin of satellite. Furthermore, the kinetics of its renaturation are such as to suggest that satellite consists of a single nucleotide sequence of from 300 to 400 base pairs repeated approximately a million times within the mouse genome.8' 9 Since satellite DNA has been isolated7 with a molecular weight of approximately 40 X 106, at least 200 repeating sequences must be strung end-to-end within such a molecule. This arrangement seems rather unlikely for viral DNA.
It should be pointed out, however, that neither rat nor guinea pig DNA forms duplexes with the nucleotide sequences of mouse satellite although they both contain rapidly renaturing fractions of some kind. Clearly, therefore, the DNA homologies which exist between these three species"9 involve sequences other than those in mouse satellite. Interesting and as yet unanswered questions concern the history of satellite's evolution and the mechanism involved in the m~intainance of so many Minutes of incubation apparently identical sequences within the same genome. It may be a virus and the mouse a tolerant animal, but mouse DNA presumably does more than just code for protein synthesis. Summary.-Native satellite DNA was isolated from either mouse L cells or mouse liver by CsCl density gradient centrifugation in fixed-angle rotors. Upon recentrifugation in alkaline CsCl gradients, the satellite DNA forms two bands which are designated H and L strands. Isolated H and L strands give melting profiles characteristic of single-stranded polynucleotides and are complementary to each other in base composition. Their banding positions in neutralized CsCl density gradients and behavior on hydroxyapatite columns are consistent with our view that they represent the individual DNA strands of the satellite duplex. After mixing equimolar quantities of H and L strands, double-stranded structures rapidly reform as is shown by density gradient centrifugation, melting profiles, and behavior on hydroxyapatite columns.
